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Optimized Primitive Filler 



Field Of The Invention 

The present invention relates to the field of processing graphic images, and, in particular, 
to graphics rasterization. 



In the field of computer graphics, the graphics rendering pipeline is the core of 
real time graphics. The function of the pipeline is to generate, or render, two dimensional 
1 5 images, three dimensional objects, light sources, lighting models, textures and more. The 
locations and shapes of the objects in the scene are determined by the geometry, 
placement of the camera in the environment and the characteristics of that environment. 
The appearance of the objects is affected by material properties, light sources, textures 
and lighting models. 



The process of rasterizing in computer graphics defines a particular scene in terms 
of primitives, which are typically triangles. For a particular scene, the area to be 
displayed by a computer system is termed a screen region. The screen region usually is 
an area that is less than the total scene. Therefore, some of the primitives lie outside of 
25 the screen region, while others lie either partially in the screen region or completely 
within the screen region. During rasterization the primitives are processed such that 
pixels contained within the primitives are given values in terms of their color, textures, 
transparency, etc. 

30 Initially during rasterization, the primitives are filled with a solid color or pattern. 

The function of filling primitives can be broken into two parts. First a decision must be 
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made as to which pixels to "fill" (assign values) within a primitive, and also as to what 
values to assign to these pixels. If the pixels are to be assigned a solid color, for example, 
then primitives which lie entirely within the screen region have each of their pixels 
assigned the color value. However, if a primitive lies only partially within the screen 
5 area, to assign all the pixels a particular value and then to discard the portion of the 

primitive lying outside of the screen area requires large amounts of computer processing 
time and is inefficient. 

The process of clipping is the process of determining the portion of a primitive 
10 that is within a clipping region, such as the screen region. By clipping the rectangle to 
the screen region drawing time is saved during the rasterization. Scissoring is the process 
of computing all points of the primitive, and then drawing only those lines within in the 
rasterized clip region. Although a number of algorithms are set forth in the prior art with 
regards to scissoring and clipping, increasing complexity of graphic images has required 
1 5 more efficient methods of clipping or scissoring primitives with regards to the screen 
region. 

Therefore, there is a need in the prior art to provide a more efficient method and 
apparatus for culling pixels of a primitive that are not in a scissors region. A drawback of 

20 the prior art is an implementation of scissoring primitives which fills all the primitives 
with pixels and then for every pixel has hardware check x,y pixel coordinates against the 
scissor planes and cull each pixel individually if it is outside the scissor plane. This prior 
art method is very inefficient in terms of performance as it requires hardware to 
completely fill all primitives, even for pixels that are outside the scissor plane. Another 

25 prior art method is to perform clipping at intersections of primitive edges with the scissor 
plane. New primitives are then created by subdividing the original primitives in an 
interactive manner until there are no primitives to intersect the scissor plane. This prior 
art method of clipping is slow and costly in terms of hardware implementations. 

30 Brief Description Of The Drawings 
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The features of the present invention which are believed to be novel are set forth with 
particularity in the appended claims. The invention, together with further objects and 
advantages, may best be understood by reference to the following description taken in 
conjunction with the accompanying drawings, and the several figures of which like 
5 reference numerals identify like elements. 

FIG. 1 depicts a 3D pipeline on a graphics chip according to the present invention. 
FIG. 2 is a more detailed block diagram of the raster engine in FIG. 1 . 
FIG. 3 depicts the location of various primitives relative to a screen region. 
10 FIG. 4 schematically depicts directional values for primitives relative to the 

screen region. 

FIG. 5 is a flow chart of a method of the present invention. 
Detailed Description Of a Preferred Embodiment of The Invention 

15 

The present invention is used in a computer system, such as a computer system 
that displays graphic images. The method of the present invention is, in particular, for 
rasterizing primitives. A first step of the inventive method is to determined if a primitive 
is totally outside a predetermined screen region. The primitive is discarded if the 

20 primitive is totally outside the screen region. If the primitive is not totally outside the 
screen region, at least a portion of the primitive is identified that lies within the screen 
region. Then only those pixels in the portion of the primitive that is inside the screen 
region are filled. These steps are then executed for each primitive of the plurality of 
primitives that forms the scene of which the screen region is the portion that the computer 

25 system displays. 

In general terms, a start point is defined at a vertex of a triangular primitive. It is 
then determined if the start point is outside the screen region. The edge of the primitive 
is then edge walked from the start point to a boundary of the screen region. A portion of 
30 the primitive inside the screen region is span walked and each pixel in the portion of the 
primitive that is inside the screen region is filled. In a typical graphic system, the 



4 



primitive is a triangle and the start point is a vertex of the triangle. Edge walkers and span 
walkers are known in the art, for example. 



5 buffer 104 Wi receiving a command stream 101. In particular, the command stream 101 
is received graphics processor 103 from other stages in the computer equipment, 
which are not s^own. The command stream contains the information for forming an 
image on a display. Graphics processor 103 processes the information as known in the 
art to provide primitives 120 that are representative of the desired image. The primitives 
10 120 are received by a\et up engine 108 in a 3D pipeline 102. In the set up engine 108, 
the x,y coordinates of tire primitives 120 are transformed to form screen coordinates. The 
screen coordinates together with the z coordinate are also referred to as window 
coordinates. The primitives Ve then mapped in this window and have x,y coordinates 
and z coordinates which indicate which primitives are in front of which primitives. These 
1 5 primitives are then passed on to tra raster engine 1 10. The raster engine 1 10 is also 
referred to as a scan converter which, converts the two dimensional vertices in screen 
space with at least a z value, a color, atad a texture coordinate associated with each vertex 
into pixels. Unlike previous stages that \erformed polygon operations, the raster engine 
stage handles pixel operations. Pixel pipe\ 12 is operatively connected to the raster 
20 engine 1 10 and a render backend block 114 f& operatively connected to the pixel pipe 
112. A frame buffer 104, which is connected tb the render backend block 114, has at 
least a color buffer 116 and a z buffer 118. The oolor buffer 116 stores color information 
corresponding to pixels in the display frame, and tnsp z buffer 118 stores corresponding z 
values for the pixels in the display frame. 



according to the present invention which consists of the set up engine 108 and the raster 
engine 1 10. The set up engine 108 receives the primitives 120 and outputs the primitive 
data 200. The raster engine 110 receives the primitive data 200 in a primitive locator 
30 module 202. The primitive locator module 202 supplies at least location values only of 
primitives that are at least partially within the screen region. These location values are 




G. 1 is a block diagram of a graphics chip 100 operatively connected to a frame 
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FIG. 2 shows a block diagram of a graphic primitive clipping system 
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received by the edge walker module 204, which processes the information and supplies 
data identifying the portion of the primitive that is inside of the screen region. It should 
be understood that the primitive locator module 202 identifies primitives which are 
partially within the screen region and primitives which are completely within the screen 
5 region. The edge walker 204 is operatively coupled to the span walker and fill module 
206. The span walker and fill module functions to fill, that is, to assign a color value, for 
example, to each pixel in the portion of the primitive that is within the screen region. Of 
course, it also assigns values to each of the pixels of a primitive which is totally within 
the screen region. Raster engine 1 10 then outputs the pixels 208 for further processing by 
10 the 3D pipeline 102. 

The present invention does not fill primitives or any portion of primitives 
that are outside the screen region nor does it implement any hardware or require any 
hardware to calculate an intersection of primitives with the screen region. Instead, the 

15 present invention incorporates the screen region into the edge walking routine, that is, the 
edge walking module will only start filling the primitive when it is inside the screen 
region (image region). According to the present invention, if the edge walker starts at a 
vertex of the primitive outside the screen region, it then travels to the nearest point of 
primitive intersection with the screen region. The present invention will also terminate 

20 filling of a primitive when it transitions from inside of the screen region to outside the 
screen region. 

Depicted, for example, in FIG. 3, is a screen region 300 and a plurality of 
primitives 302-310. As depicted in FIG. 3, primitive 302 is totally outside of the screen 

25 region 300, while the remaining primitives 304-310 are partially within the screen region 
300. Each of the primitives 304-310 have different orientations relative to the screen 
region 300. For example, primitive 304 has its right hand portion within the screen 
region 300, while primitive 310 has its left hand portion within the screen region 300. 
The primitive 306 overlaps a corner of the screen region 300, and primitive 308 has its 

30 upper portion within the screen region 300. 
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The screen region 300 is defined by a coordinate system, wherein the 
bottom left corner of the screen region 300 is denoted as XLEFT, YBOTTOM, and has 
an upper right hand corner denoted by XRIGHT, YTOP. In this coordinate system, the x 
direction runs from left to right across the screen region 300, and the y direction runs 
5 from bottom to top across the screen region 300. Each of the primitives can be defined 
relative to the coordinate system and in the present invention, each primitive, such as 
primitive 302, is defined by a vertex XSTART, YSTART, and a value XEND which is 
the furthest x direction extent and a value YEND which is the furthest y direction extent 
from the starting value vertex XSTART, YSTART. 

10 

Directional vlaues used by the present invention are depicted in FIG. 4. In 
FIG. 4 the screen region 300 is shown surrounded by directional symbols. The present 
invention assigns values to x and y directions of 1 and 0 as follows. An x direction value 
of 1 indicates right to left, while an x direction value of 0 indicates left to right. A y 

15 direction value of 1 indicates bottom to top while a y direction value of 0 indicates top to 
bottom. FIGs. 3 and 4 will be utilized in explaining the method of the present invention 
which is depicted in the flow chart of FIG. 5. In a first step 500 of the method of the 
present invention, a screen region 300 is defined by the screen values XLEFT, XRIGHT, 
YTOP, YBOTTOM. A primitive to be processed is then defined by XSTART, XEND, 

20 YSTART, YEND as shown in FIG. 3 in step 502. For the primitive the values XSTART 
and XEND define an x direction extent and location of the primitive in the coordinate 
system. Similarly, the values YSTART and YEND define a y direction extent and 
location of the primitive in the coordinate system. For the screen region 300, the values 
XLEFT and XRIGHT define an x direction extent and location of the screen region in the 

25 coordinate system, while YTOP and YBOTTOM define a y direction extent and location 
for the screen region in the coordinate system. In step 503 the variables x and y for the 
primitive are initially set to the XSTART, YSTART values. 

In step 504 it is determined if the primitive is totally outside of the screen region 
30 300, such as a primitive 302 in FIG. 3. The primitive 302 will be found to be totally 
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outside the screen region 300 if at least one of the following is logically true given a start 
point of x = XSTART and y = YSTART for the primitive: 
XDIR AND ((X<XLEFT) OR (XEND>XRIGHT)) 

XDIR AND ((X>XRIGHT) OR (XEND>XLEFT)) 

5 YDIR AND ((Y<YTOP) OR (YEND>YBOTTOM)) 

YDIR AND (( Y> YB OTTOM) OR (YEND<YTOP)). 

If the primitive is found to be totally outside of the screen region, such as 
primitive 302 in FIG. 3, the primitive is then discarded without filling any pixels therein 
in step 506 of the method depicted in FIG. 5. If the primitive is not totally outside of the 
10 screen region 300, then it must be determined what portion of the primitive lies within the 
screen area 300. 

The portion of the primitive lying within the screen area 300 is identified as 
follows. First, the variable y is incremented if the following first value is logically true: 
1 5 (((YDIR AND ( Y > YBOTTOM)) OR ((YDIR AND (Y < YTOP))) 

Then the variable x is incremented if the following second value is logically true: 

(((XFIR AND X>XRIGHT)) OR (( XDIR AND (X<XLEFT))). 

These steps (508, 510) are then repeated until the first and second values are not 
20 true, which identifies a beginning of a portion of the primitive that is inside the screen 
region. That is, the test is to determine if the variable y is between YTOP and 
YBOTTOM, and if the variable x is between XLEF and XRIGHT. If the answer to this 
question is no, then x and y are incremented. If the answer to the question is yes, then the 
pixel corresponding to that x,y coordinate lies within the portion of the primitive within 
25 the screen region 300, and the pixel is then filled (step 512), that is, assigned the proper 
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color value. The process ends when all pixels within the portion of the primitive inside 
the screen region 300 have been filled, the test being performed in step 514 in FIG. 5. 

It is to be noted that in general the method steps and the equations involve 
5 comparisons of the current x and y coordinates to the XLEFT, XRIGHT and YTOP and 
YBOTTOM of the screen area, as well as the X direction and Y direction values at that 
x,y coordinate. Note that when x and y are incremented, there are eight possible 
directions of movement as depicted in FIG. 4. For example, the direction 401 has an X 
direction from left to right and is assigned a value of 0, and a Y direction from bottom to 

1 0 top which has an assigned value of 1 . The direction symbol 402 has an X direction of left 
to right and therefore has an assigned value of 0 and a Y direction of top to bottom which 
has an assigned value of 0. Direction symbol 403 would have an X direction value of 0 
and a Y direction value of 1. The direction symbol 404 has an X direction value of 0 and 
a Y direction value of 1 . The direction symbol 405 has an X direction value of 0 and a Y 

15 direction value of 1. The direction symbol 406 has an X direction value of 0 and a Y 
direction value of 1. The direction value symbol 407 has an X direction value of 0 and a 
Y direction value of 0. The direction symbol 408 has an X direction value of 0 and a Y 
direction value of 0. 

20 The primitive location module 202 in one embodiment is software that 

implements the step of determining if the primitive is totally outside the screen region. 
Similarly, the edge walker module 204 and the span walker module 206 are software 
implementations for performing the above described steps. 
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When the edge walker 204 in the raster engine 1 10 begins at the XSTART, Y 
START values of a primitive, it walks one of the edges of the primitive until it reaches 
the closest boundary point of intersection of the primitive with the screen region. For 
example, as shown in FIG. 3, the edge walker would begin in primitive 304 at the vertex 
320 and proceed along edge 322 until it reaches the point of intersection 324. The dotted 
line 326 schematically depicts how the edge walker proceeds in the X direction and in the 
Y direction until it arrives at the intersection point 324. In reality, it is to be understood 
that the actual movement is a stair step-type movement along the edge 322. 

Fqr primitive 360, the edge walker starts at vertex 330 and proceeds until it 
identifies point 332 as being the first point of intersection between the primitive 306 and 
the screen regiork300. It is to be understood that once the area within the screen region 
300 is identified, tnfe span walker and fill module 206 then take over and fill each of the 
pixels and the portion erf the primitive which is within the screen region 300. This is 
1 5 indicated by the area of tfte primitives which are filled with lines in FIG. 3. Primitive 308 
shows that the edge walker would start at the vertex 340 and proceed to the intersection 
point 342 at which time the span walker fill module would take over to fill a portion of 
the primitive 308 which is within\he screen region 300. Finally, it is shown how the 
method of the present invention alsoworks for primitive 310 wherein the start point 350 
20 is within the screen region 300. The equations then cause the span walker and fill 

module 206 to fill the portion of the primitive 310 which is within the screen region 300 
but not the portion of the primitive 310 which \ outside of the screen region 300. 
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Thus, in general, in the primitive location module 202 the primitive values are 
compared to the screen region values to determine if the primitive is totally outside the 
screen region. If this is not true, then the edge walker module 204 and the span walker 
and fill module 206 determine the start point of the intersection of the primitive in the 
screen region for filling the pixels that are within this portion. The filling of the pixels 
within the portion within the screen region is finished when one of the following is true: 

(XDIR AND (X < XLEFT)), 

(XDIR AND (X > XRIGHT)), 

(YDIR AND (Y < YTOP)), 

(YDIR AND (Y > YBOTTOM)). 

Thus, the invention fulfills the need in the prior art for an efficient method of 
filling the portions of primitives lying within a screen region. The method of the present 
invention in particular does not fill the portions of the primitives outside of the screen 
region, thus saving significant computing time and resources. Furthermore, the method 
of the present invention does not require a hardware calculation of the intersection of the 
primitives with the screen region as is done in the prior art. 

The invention is not limited to particular details of the apparatus and method 
depicted and the modifications and applications may be contemplated. Certain other 
changes may be made in the above-described method and apparatus without departing 
from the true spirit of the scope of the invention herein involved. For example, the 
method of the present invention can be utilized in other computer systems other than the 
3D pipeline embodiment depicted in FIG. 1. Furthermore, the primitives can have other 
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configurations than triangular, and the starting point can occur at other locations on the 
primitive rather than the vertex of a triangle. It is intended, therefore, that the subject 
matter in the above depiction should be interpreted as illustrative and not in a limiting 
sense. 
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